Introduction
============

Pancreatic neuroendocrine tumors (PNETs) are rare and represent 1.3 to 10.0% of all pancreatic tumors. The annual incidence of PNET is around 3.65/10,000 people and it has been increasing over the last decades ([@bib1], [@bib2], [@bib3]). The PNETs can be broadly categorized as functioning and nonfunctioning tumors, which account for a large part of patients and had more aggressive behavior. As a group of generally indolent epithelial neoplasms, they have the ability to metastasis. Moreover, most of the PNETs were often diagnosed at late stages because of the absence of specific symptoms. About 40--80% of patients were diagnosed with metastatic PNETs. Liver is the most common metastatic site, which accounts for 40--93% of all metastases, followed by bone (12--20%) and lungs (8--10%) ([@bib4]). Thus, the management of metastatic PNETs occupies a critical position within the treatment of patients with PNETs. It was reported that the metastatic sites are not infiltrative, but expansive. The surrounding organs such as liver and lung are pushed aside by these metastatic sites, making it possible to remove tumor from the surrounding liver and lung tissues and essentially enucleating them ([@bib5]). Moreover, different from metastatic pancreatic adenocarcinoma, the primary source of mortality of metastatic PNETs is mainly the dysfunction of metastatic organs, such as liver failure ([@bib6]). Although the presence of distant metastasis is correlated with shortened long-term survival, the appropriately selected metastatic organ-directed therapies may provide survival benefit for patients with metastatic PNETs ([@bib7]). There were some studies which reported that patients with metastatic PNETs could benefit from surgical approach ([@bib8], [@bib9]). While due to the small numbers of included patients and the absence of unified standards, it is still unclear how much benefit can be obtained from surgery for patients with metastatic PNETs.

PNET is a heterogeneous group of tumors and differs both biologically and clinically from pancreatic adenocarcinoma ([@bib2], [@bib10]). The clinical and pathological features of metastatic PNET remain ill-defined because of the low incidence of PNET. Moreover, the America Joint Commission on Cancer (AJCC) 8th edition tumor-node-metastasis (TNM) stage ([@bib11]), which is widely used for prognostic evaluation of PNETs, is designed specifically for pancreatic adenocarcinoma and only takes tumor size and distant metastasis into account. In addition, the 8th edition TNM stage functions better in diagnosis compared with predicting survival. As for patients with metastatic PNETs, maybe more factors apart from the variables of TNM stage system, such as age, tumor grade and treatment, should be considered when evaluating prognosis of these patients. In addition, patients with PNET usually had better survival due to the indolent feature of PNET, compared with pancreatic adenocarcinoma. Also, the prolonged survival will bring about a high risk of competing non-cancer events, such as high rates of comorbidities, for older patients with PNET ([@bib12]). However, these competing events are often treated as censorings by Kaplan--Meier (K--M) method, which is the most frequently used method to analyze survival and often overestimates the probabilities of cancer-specific death ([@bib13], [@bib14]). Failure to take competing risks into account may lead to misleading conclusions in survival analyses ([@bib15]). In this sense, it is necessary to develop a stage system which considers competing risks in predicting prognosis of patients with metastatic PNETs.

Nomogram is a simple graphical presentation of multivariate predictive model and can be used to show the impact of each factor on an outcome of interest ([@bib16]). It has been widely adopted as a useful predictive tool for survival analysis for cancers ([@bib17], [@bib18], [@bib19]). In the current work, competing risk analyses for patients with metastatic PNET were constructed and the nomograms were built to investigate overall survival (OS) and cancer-specific survival (CSS) of these patients.

Materials and methods
=====================

Patients
--------

Patients diagnosed with metastatic PNET from 2004 to 2015 were retrospectively collected from the SEER database in this study. Inclusion criteria based on International Classification of Diseases for Oncology were as follows, Third Edition (ICD-O-3), histology code: 8012, 8013, 8041, 8150, 8151, 8152, 8153, 8155, 8156, 8240, 8241, 8243, 8244, 8245, 8246 and 8249; and the ICD-O-3 site code C25.0, C25.1, C25.2, C25.3, C25.4, C25.7, C25.8 and C25.9. The exclusion criteria were as follows: (1) patients with second primary cancer; (2) age at diagnosis younger than 18 years; (3) patients not pathologically diagnosed; (4) patients with missing or incomplete information about survival, follow-up months, cause of death or other characteristics. Three-fourths of patients were randomly selected to form the training cohort to develop the nomograms, and the rest of patients were selected to serve as an internal validation cohort. Institutional review board approval and informed consent are not required in the current study because SEER research data is publicly available and all patient data are de-identified.

Data collection
---------------

The following data were extracted from SEER database: age at diagnosis, gender, surgery information, tumor site, tumor grade, tumor size, TNM stage, follow-up information and cause of death. OS was defined as survival time until death by any cause or last follow-up and CSS was defined as survival time until death due to PNET.

Statistical analysis
--------------------

Statistical analysis were conducted by SPSS version 22 (SPSS Inc., Chicago, IL, USA) and R version 3.4.2 software (The R Foundation for Statistical Computing, Vienna, Austria; <http://www.r-project.org>). The OS depicted by MedCalc software version 11.4.2.0 (<http://www.medcalc.be>) was analyzed using K--M curves and compared with long-rank test. Cancer-specific mortality and non-cancer-specific mortality were treated as two competing events. Fine and Grey's model were adopted to evaluate the cumulative incidence function (CIF) of the variables on cancer-specific mortality and non-cancer-specific mortality ([@bib20], [@bib21]). Hazard ratio (HR) and the associated 95% confidence interval (CI) were calculated. A two tailed *P* value \<0.05 was considered statistically significant.

Independent risk factors identified in the multivariate analysis were used to construct nomogram to predict OS. Competing risk nomogram was built on the basis of Fine and Grey's model. The discrimination and calibration power were two important aspects of the performance of the established nomograms and they were evaluated by concordance index (C-index) and calibration curves ([@bib22], [@bib23]), respectively. The C-index reflected the probability of changes of the predicted survival along with the variation of predicted scores ([@bib22]). The calibration curves were used to compare the predicted probability with the observed probability. Bootstraps with 1000 resamples were used for the validation of the nomograms and the area under receiver operating characteristic (ROC) curve (AUC) were used to evaluate the 1-, 2- and 3-year survival predictions.

Results
=======

Patient characteristics
-----------------------

According to the whole criteria above, we identified 1966 eligible PNET patients diagnosed from 2004 to 2015 in the SEER database. There were 1474 patients in the training cohort and another 492 patients in the validation cohort. For the whole study population, the median age was 61 years old and 51.9% of patients were older than 60 years old. Majority of patients (55.1%) were male. A large proportion (56.7%) of patients had tumors that were larger than 4 cm and poor differentiation was the most common tumor grade (44.3%). Lymph node (LN) metastasis was observed in 908 (46.2%) patients and most of patients (72.2%) were classified as T stage III and IV in the TNM stage system. The baseline characteristics of the training cohort and validation cohort were shown as [Table 1](#tbl1){ref-type="table"} and they were all comparable between training and validation cohort.Table 1The comparison of clinicopathological factors between training cohort and validation cohort.Characteristic*N*Patients*P*Training cohortValidation cohortTotal19661474492Age (years) ≤609467052410.677 \>601020769251Gender Male10848152690.834 Female882659223Surgery No169512714240.978 Yes27120368Surgery No161912154040.964 Recommended, but no765620 Yes27120368Tumor site Head8836552280.775 Body30023169 Tail783588195Tumor grade Well7005131970.646 Moderate39630591 Poor870656214Tumor size (cm) ≤2150107430.585 2--4702526176 \>41114841273T stage (8th) I5639170.725 II490374116 III1098825273 IV32223686LN metastasis Absent10587852730.476 Present908689219Survival status Alive4973721250.952 Dead14691102367Survival status Alive4973721250.976 Cancer-specific death13981048350 Non-cancer-specific death715417[^2]

The median follow-up time was 10 months (range, 1--139 months). There were 1469 patient deaths during the follow-up period: 1398 cancer-specific mortality and 71 competing mortality. In the whole study cohort, 1-, 2- and 3-year OS and CSS were 51.5, 37.1 and 29.4% and 53.0, 38.9 and 31.1%, respectively, while 1-, 2- and 3-year cancer-specific mortalities and non-cancer-specific mortalities were 46.4, 60.0 and 67.4% and 2.0, 2.8 and 3.2%, respectively. The corresponding CIF curves were shown in [Fig. 1](#fig1){ref-type="fig"}. The cumulative probabilities of death from PNET increased with the increasing ages at diagnosis. Compared with well-differentiated tumor, poorly differentiated tumor was also associated with higher cancer-specific mortalities. Moreover, it was shown that patients had lower mortality from PNETs after surgery. This result was also proved in the K--M analyses of OS, which indicated that surgery provided better survival to patients with metastatic PNETs ([Fig. 2](#fig2){ref-type="fig"}). In addition, patients with older ages or patients who were recommended to have surgery but have no surgery finally had relative higher rates of other causes of mortality. The comparison of OS and CSS stratified by surgery or not in different groups of patients was summarized in [Table 2](#tbl2){ref-type="table"}. In all groups of patients, surgery could provide survival benefit for patients with metastatic PNET in this study ([Fig. 3](#fig3){ref-type="fig"}).Figure 1Cumulative cancer-specific and competing mortality according to patient characteristics: (A) age; (B) gender; (C) surgery; (D) surgery; (E) tumor site; (F) tumor grade; (G) tumor size; (H) T stage (8th); (I) LN metastasis. LN, lymph node. Figure 2Kaplan--Meier curves for overall survival stratified by different status of surgery in patients with metastatic pancreatic neuroendocrine tumors. (A) Surgery vs no surgery; (B) surgery vs recommended, no surgery vs no surgery. Figure 3Kaplan--Meier curves for overall survival stratified by surgery or not in different groups of patients: (A) age ≤60 years; (B) age \>60 years; (C) female; (D) male; (E) PNET of pancreatic head; (F) PNET of pancreatic body; (G) PNET of pancreatic tail; (H) well-differentiated tumor; (I) moderately differentiated tumor; (J) poorly differentiated tumor; (K) tumor size ≤4 cm; (L) tumor size \>4 cm; (M) LN negative; (N) LN positive; (O) T stage (8th) I + II; (P) T stage (8th) III + IV. LN, lymph node; PNET, pancreatic neuroendocrine tumor. Table 2Overall survival rates and cancer-specific survival of patients with PNETs stratified by surgery or not.CharacteristicLevelsOSMedian survival time (months)*P*Hazard ratio (95% CI)CSSMedian survival time (months)*P*Hazard ratio (95% CI)1-year2-year3-year1-year2-year3-yearWhole cohortNo surgery46.030.823.010\<0.0013.17 (2.81--3.58)47.632.624.611\<0.0013.28 (2.89--3.71)Surgery85.475.467.16885.876.168.671Age (years)≤60No surgery58.340.630.818\<0.0012.93 (2.47--3.48)59.441.932.219\<0.0012.95 (2.48--3.51)Surgery88.178.371.27588.778.872.381\>60No surgery37.624.618.17\<0.0013.42 (2.83--4.14)35.822.716.56\<0.0013.13 (2.60--3.76)Surgery80.771.361.56180.770.159.450GenderFemaleNo surgery46.731.523.111\<0.0013.04 (2.55--3.63)48.433.125.011\<0.0013.14 (2.62--3.77)Surgery83.972.164.56384.773.566.671MaleNo surgery45.530.323.09\<0.0013.30 (2.79--3.91)47.032.124.310\<0.0013.39 (2.86--4.03)Surgery87.078.869.97087.078.870.778Tumor siteHeadNo surgery42.128.822.39\<0.0012.87 (2.30--3.58)43.130.223.59\<0.0013.03 (2.42--3.80)Surgery81.272.760.55882.575.464.163BodyNo surgery46.328.221.110\<0.0012.29 (1.56--3.37)48.430.522.912\<0.0012.45 (1.64--3.66)Surgery76.064.056.04076.064.056.057TailNo surgery51.135.026.713\<0.0013.25 (2.61--4.05)51.636.128.113\<0.0013.21 (2.57--4.01)Surgery92.580.573.97592.580.573.975Tumor size (cm)≤4No surgery46.330.724.711\<0.0013.26 (2.65--4.02)47.731.925.711\<0.0013.38 (2.74--4.18)Surgery82.977.067.87183.978.969.478\>4No surgery45.930.922.410\<0.0013.03 (2.60--3.53)47.632.824.211\<0.0013.14 (2.68--3.67)Surgery87.174.266.76387.174.268.168T stage (8th)I + IINo surgery44.630.023.49\<0.0013.37 (2.56--4.44)45.931.424.510\<0.0013.76 (2.84--4.97)Surgery87.579.067.97189.583.071.378III + IVNo surgery47.632.124.011\<0.0013.11 (2.67--3.61)49.234.025.612\<0.0013.13 (2.68--3.66)Surgery85.575.368.06485.575.368.570LN metastasisAbsentNo surgery51.436.027.113\<0.0013.39 (2.74--4.20)52.837.628.514\<0.0013.45 (2.77--4.29)Surgery90.281.274.27190.281.275.575PresentNo surgery44.929.222.010\<0.0013.04 (2.53--3.65)46.531.123.811\<0.0013.11 (2.57--3.75)Surgery84.273.163.76384.874.265.268[^3]

Nomogram construction
---------------------

In assessing the 1474 patients in the training cohort, univariate analysis showed that several factors were associated with OS ([Table 3](#tbl3){ref-type="table"}). In addition, the multivariate analysis showed that age (HR = 1.58, 95% CI = 1.30--1.93, *P* \< 0.001), tumor grade (HR = 1.83, 95% CI = 1.66--2.03, *P* \< 0.001) and surgery (HR = 0.24, 95% CI = 0.10--0.62, *P* = 0.003) remained independent prognostic factors for OS. Proportional subdistribution hazard assumption was held for variables in CSS analysis. Age (HR = 1.49, 95% CI = 1.21--1.83, *P* \< 0.001), tumor grade (HR = 1.85, 95% CI = 1.67--2.05, *P* \< 0.001) and surgery (HR = 0.25, 95% CI = 0.10--0.65, *P* = 0.005) were independently associated with CSS. Nomograms for predicting 1-, 2- and 3-year OS and CSS were constructed based on the independent prognostic factors in the multivariate analyses ([Fig. 4](#fig4){ref-type="fig"}). It was shown that tumor grade contributed most to prognosis, followed by surgery and age in predicting OS and CSS.Figure 4Nomograms predicting 1-, 2- and 3-year OS (A) and CSS (B) of patients with metastatic pancreatic neuroendocrine tumor. CSS, cancer-specific survival; OS, overall survival. Table 3Univariate and multivariate analyses of survival in patients with PNETs.CharacteristicOSCSSUnivariate analysisMultivariate analysisUnivariate analysisMultivariate analysisHR95% CI*P*HR95% CI*P*HR95% CI*P*HR95% CI*P*Age (years)≤60/\>601.771.59--1.96\<0.0011.581.30--1.93\<0.0011.721.55--1.91\<0.0011.491.21--1.83\<0.001GenderFemale/male1.060.96--1.180.254NI1.080.97--1.200.156NISurgeryNo surgery/surgery0.300.25--0.37\<0.0010.240.10--0.620.0030.290.24--0.36\<0.0010.250.10--0.650.005SurgeryNo/recommended, but no/surgery0.580.53--0.63\<0.0011.200.75--1.920.4380.560.52--0.62\<0.0011.180.73--1.910.494Tumor siteHead/body/tail1.0090.98--1.050.599NI1.000.97--1.040.837NITumor gradeWell/moderately/poorly1.911.75--2.09\<0.0011.831.66--2.03\<0.0011.921.75--2.10\<0.0011.851.67--2.05\<0.001Tumor size≤4 cm/≥4 cm1.030.93--1.140.621NI1.010.91--1.120.893NIT stage (8th)T1/T2/T3/T40.980.90--1.070.645NI0.980.90--1.060.564NILN metastasisAbsent/present0.870.79--0.960.0051.050.89--1.250.5490.860.78--0.950.0020.870.85--1.210.868[^4]

Nomogram validation
-------------------

The nomogram demonstrated good accuracy for OS prediction, with a C-index of 0.773 (95% CI, 0.753--0.793). The internal calibration plots revealed good correlation between the predictions estimated by nomogram and actual observation in both training and validation cohorts ([Fig. 5](#fig5){ref-type="fig"}). The C-index of nomogram for CSS prediction was 0.774 (95% CI, 0.753--0.795). An optimal agreement of calibration curves was also observed for CSS probabilities in both training and validation cohorts ([Fig. 6](#fig6){ref-type="fig"}). Moreover, the C-indexes for OS and CSS prediction in the validation cohort were also as high as 0.764 (95% CI, 0.726--0.802) and 0.773 (95% CI, 0.735--0.811), respectively.Figure 5Calibration plots of the nomogram for 1-, 2- and 3-year OS prediction in the training cohort (A, B and C) and validation cohort (D, E and F). X-axis represents the nomogram-predicted probability of survival; Y-axis represents the actual OS probability. A perfectly accurate nomogram prediction model would result in a plot that the observed and predicted probabilities for given groups fall along the 45-degree line. Dots with bars represent nomogram-predicted probabilities along with 95% confidence interval. OS, overall survival. Figure 6Calibration plots of the nomogram for 1-, 2- and 3-year CSS prediction in the training cohort (A, B and C) and validation cohort (D, E and F). CSS, cancer-specific survival.

In the next step, two ROC models of OS and CSS regarding the prediction ability were compared ([Fig. 7](#fig7){ref-type="fig"}), indicating that the values of AUC were 0.728, 0.702 and 0.683; 0.729, 0.698 and 0.681, respectively, for predicting 1-, 2 and 3-year OS and CSS. Regarding the validation cohort, the values of AUC of the nomogram for predicting 1-, 2 and 3-year OS and CSS were 0.711, 0.684 and 0.671; 0.726, 0.696 and 0.679, respectively.Figure 7Comparison of the ROC curves of the nomogram for 1-, 2- and 3-year OS prediction in the training cohort (A) and validation cohort (B); CSS prediction in the training cohort (C) and validation cohort (D). CSS, cancer-specific survival; OS, overall survival.

Discussion
==========

The annual incidence of all PNETs is steadily on the rise ([@bib24]). PNETs are a group of highly heterogeneous neoplasms presenting a spectrum of biological behavior ([@bib25], [@bib26]). Although PNETs are generally indolent, distant metastasis was detected in a large proportion of patients when PNETs were diagnosed ([@bib4]). There are a diverse range of therapeutic modalities for the treatment of PNETs, including medical therapies and interventional radiological techniques ([@bib27]). However, due to the small number of included patients ([@bib28], [@bib29]), the optional treatment for metastatic PNETs is still debated. Moreover, Lesurtel *et al*. illustrated that there were only small numbers of studies which compared the efficacy of surgery and other therapies ([@bib30]). Whether surgery can provide survival benefit for patients with metastatic PNETs or not remained unclear. Most studies which focused on the surgery treatment for patients with metastatic PNETs were not able to identify prognostic factors for patients ([@bib7]). Moreover, many survival analyses focused only one survival end point ([@bib12], [@bib31]) and ignored the competing events which would lead to some misunderstanding on survival evaluation, especially for patients with increasing ages ([@bib32]). In this study, it was shown that patients with different clinical and pathological characteristics could all benefit from surgery. In addition, using one of the largest reported series, to date, of patients with metastatic PNETs from the SEER database, we evaluated the mortality of patients and built nomograms to predict OS and CSS for patients with metastatic PNETs. The established nomograms could stratify patients who were categorized as TNM IV stage into groups with diverse prognoses, showing better discrimination and calibration of the established nomograms, compared with 8th edition TNM stage system in predicting OS and CSS.

Deaths as a result of other causes other than PNETs were treated as competing risk events in this study, which could preclude the possibility of death resulting from PNETs. However, these competing events which were treated as censoring by K--M analysis would certainly lead to bias due to the differences of risks from censors as a result of competing risks compared with the non-censored population ([@bib33]). It was shown that patients who were recommended to receive surgery but had no surgery finally had extremely high rates of non-cancer-specific mortality in this study. Maybe the comorbidities which prevented these patients from receiving surgery led to more deaths from non-cancer causes. Moreover, age-related comorbidities contribute to most of the competing risk events. As the improved prognosis of patients with PNETs, more than half of patients were older than 60 years old in this study. Thus, competing risks should be considered in the analysis of prognosis of patients. It was found that older patients were more likely to die of metastatic PNETs. This negative effect was even more obvious on OS compared with CSS. This result was consistent with other published studies ([@bib34], [@bib35]). The age-related comorbidities not only led to more non-cancer-specific mortalities, but also prevented patients from receiving the same standards of care that were provided for young patients ([@bib36]). Moreover, it was indicated that the increasing ages were independently prognostic factors of survival in this study. Thus, although surgery is good for patients with metastatic PNETs, it is important to evaluate surgery tolerance among older patients. In addition, it was appropriate and necessary to consider age when evaluating prognosis of patients with metastatic PNETs.

It was shown that patients with metastatic PNETs after surgery had better prognosis compared with patients who did not receive surgery. Moreover, surgery was identified to be a prognostic factor for patients with metastatic PNETs, which was independent from the LN metastasis or distant metastasis, illustrating that metastasis to other organ or LN should not be the contraindication of surgery. Interestingly, our study showed that patients who did not receive surgery treatment had similar prognosis, no matter they were recommended to have surgery before or were diagnosed at late stages at the first time, showing that some common pathological factors, such as tumor size and LN metastasis, had little impact on prognosis of these patients. This conclusion was also in accordance with the results of multivariate analysis in this study. Surgery could provide survival benefit for patients with different levels of tumor sizes or LN metastasis. In this sense, unlike pancreatic adenocarcinoma, large tumor or presence of LN metastasis also should not be the contraindication of surgery in patients with metastatic PNETs.

In the present nomograms, tumor grade was also shown to predict independently both OS and CSS, which was consistent to the previous reports ([@bib18], [@bib37]). Grade reflected tumor biological behavior and was included in the 8th edition TNM stage system ([@bib11]). In the presence of metastasis, tumor grade, an inherent characteristic of tumor, weighted more in determination of prognosis compared with other common tumor characteristics, such as tumor size and LN metastasis. Moreover, the inclusion of these additional variables certainly contributed to the superior power of nomograms in predicting OS and CSS, compared with 8th edition TNM stage.

It is well known that patient counseling and decision are based on the prognosis estimated from the individual risk profiles ([@bib38]). Nomogram is a novel form of stage system which can help to provide personal medical decision-making and has been used in analyses in various kinds of cancers ([@bib17], [@bib19]). In addition, competing risk analysis, which has been used for many tumor, such as pancreatic cancer ([@bib18]), lung cancer ([@bib34]) and melanoma ([@bib39]), should be considered in survival analysis for patients with PNETs. However, no study previously evaluated the competing prognostic factors for patients with metastatic PNETs. In this study, competing risk nomogram was established for the first time and showed good discrimination with relatively high C-indexes and values of AUC for predicting OS and CSS in the training and validation cohort. The calibration plots also demonstrated that the predicted probability of the nomograms corresponded well with the observed OS and CSS. In addition, analysis on the basis of data from a population-based dataset and cross-validation from another dataset made our results more generable than studies from single center. Thus, physicians assess a diverse range of parameters of patients with more objectives and precision for patients with metastatic PNETs using the established nomograms, which can identify subgroups of patients with more homogeneous prognoses. The nomograms can be used to estimate individual survival and specialize personal treatment.

There were several limitations that should be noted. The major limitation of the present study is that the variables used to construct the nomograms only represented some of the clinical and pathological features. Some important tumor biomarkers, such as Ki-67 index, and some positive prognostic variables, such as surgical margin status and vascular invasion, were unavailable in SEER dataset. We acknowledge that certain additional variables (e.g. pathological factors or molecular biomarkers) might provide potential predictive information. This is also the major part of our future research. Another limitation is that although the established nomograms showed good discrimination and validation, further validation based on large-scale external cohort is needed for these nomograms.

In conclusion, the comparisons of survival analyses and competing risk analyses were conducted based on the SEER database in this study. It was showed that surgery should be recommended for patients with metastatic PNETs when the surgery tolerance was acceptable. We also developed a novel clinical tool to predict both OS and CSS of patients with metastatic PNETs for the first time. Using nomograms including only three clinicopathological variables, we classified patients into various groups with different prognoses. Moreover, our relatively well-validated nomograms might help to facilitate highly tailored patient management for patients with metastatic PNETs in clinical practice.
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